In our response to the Referees' comments, we first summarize the major concerns that the two Referees have with the original version of the manuscript. We then address each concern point by point, and detail how we have changed the revision of our manuscript.
result of forest floor, soil and root respiration, and we used continuous soil temperature data to gap-fill missing nighttime NEE data, and to calculate R eco . During the growing season, foliage and other aboveground tissues are much more abundant, and contribute to nighttime NEE and R eco . We used continuous air temperature data to gap-fill missing nighttime NEE and to calculate R eco during these times.
When summed over the year, this "hybrid" approach typically results in intermediate R eco values that are between those calculated using only soil or air temperature, and all values were within 10 % of each other. For example, in 2006 at the Oak stand annual R eco calculated using only air temperature or soil temperature differed from R eco calculated using the "hybrid" approach by +5% and -8%, respectively. In 2008 at the Oak stand, R eco calculated using only air temperature or soil temperature differed by +4% and -7%, respectively. Other stands and years had similar relationships between R eco values. For example, R eco calculated using only air temperature or soil temperature at the mixed pine-oak stand in 2006 differed from the value calculated using the hybrid approach by +2% and -4%, respectively.
p.9567, l20-24, If Reco is relatively invariant to disturbances why does that produce large variations in NEE?
Authors' response: NEE is the balance between photosynthesis and ecosystem respiration. Thus, the large differences in annual NEE that we and other authors have observed during and following disturbances are a result of the relatively large differences in photosynthesis (here calculated as GEP) pre-and post-disturbance, and relatively smaller changes in R eco .
Changes in the revised manuscript: We agree that lines 20-24 are not as clear as they could be, and have rewriten this sentence to make the link between variation in NEE and GEP clearer.
There are a few other studies related to the effect of beetle mortality on forests and how this affects ecosystem fluxes that you might consider to include in the references (these are listed at the end of this review). These studies typically involve more dramatic disturbances, but perhaps add some insight.
Authors' response: Because we wanted to produce and analyze large datasets for daily WUE e , we retained as many daily values as possible. When we analyzed daily precipitation data to exclude days where we assumed the canopy was not dry, 10 mm day -1 represented an obvious gap between dry days and those with light precipitation, and days with heavy convective precipitation, which were excluded from further analyses. Most events during the summertime were convective precipitation, and were typically brief in duration and then followed by a drying period characterized by clear sky conditions. Long-term events, such as those associated with tropical storm systems towards the end of the summer, were typically excluded from further analyses.
* p.9574, l.17-20, seems surprising that the LAI for the pine forest changed so much going from summer to winter...any explanation for this?
Authors' response: Pitch pine retains needle cohorts for approximately 18 to 20 months. Needles from the current year cohort expand relatively late, and are not completely expanded until July 1 on most years. Needle senescence in the following year starts in late October, and by December and January, many needles from the "older" cohort have already abscised. Thus, during the winter months, only one cohort of needles is present. Nearly all of the hardwood tree species in the three upland forests are deciduous, as are the dominant shrubs and scrub oaks in the understory.
At the oak-dominated stand, scattered Shortleaf and Pitch pines account for some leaf area within the footprint of the flux tower, and occur in the tree census plots, thus LAI is > 0 m 2 m -2 even during the winter months.
* p.9576, l.7 (and elsewhere)...there are references to Fig 3a, 3b, and 3c, but in Fig 3 there is no "a", "b", or "c".
Authors' response and changes to the revised manuscript: We apologize for the omission. We have added "a", "b", and "c" to the appropriate panels on Figure 3 .
* p.9584, l.3, how do you know this all goes into groundwater?
Authors' response: We believe that run-off or overland flow at our three flux sites is minimal, because the topography is flat and soil (0-20 cm depth) is approximately 94% sand. Percolation rates are very high in these coarse-grained soils, thus our primary hydrologic fluxes are Et and groundwater recharge. We have recently documented these at the oak-pine stand, using a combination of eddy flux, sap flux, and USGS weir and groundwater depth data (Schaffer et al. 2013 ).
* p.9584, l.13: Does recent data from 2013 show how the recovery has progressed?
Authors' response and changes to the revised manuscript: NEE at the oak stand in 2013 was only -59 g C m -2
. We have added this value to the Discussion section in the revised manuscript, where we report data from years following 2009. The Pine stand was burned in a second prescribed fire conducted on March 15, 2013, thus 2012 was the last "undisturbed" year at this stand. Annual NEE at this stand was -94 g C m -2 in 2013. Authors' response: We believe that Figure 1 in the current paper documenting changes in LAI and canopy and understory Nitrogen mass in foliage is actually not unlike Figure 1 in the Agricultural and Forest Meteorology paper, with the exception that the earlier pre-disturbance years are averaged together. Pre-disturbance periods, each disturbance, and post-disturbance periods are designated in the Figures as Pre, D, B and Post, and defined in the legend as Pre = pre-disturbance, D = insect defoliation, B = prescribed burn, and Post = post-disturbance.
One major thing that the authors need to clarify for the current manuscript is a figure similar as Fig 1 in their AFM paper, which clearly inform the readers what disturbance types have happened for the three different sites. In the current manuscript, it is hard to find this information in the methods section. At least for me, I have to rely on the
Changes in the revised manuscript. We have further clarified the disturbance histories of each stand by adding the following information to the legend of Figure 1 Authors' response: We fully acknowledge that our experimental design does not incorporate spatial "controls" for each stand within years, where, for example, one oak-dominated stand would be defoliated and a second oak-dominated stand would serve as an undefoliated "control" stand. However, we were careful to pose our research objectives as questions, which we believe can be addressed unambiguously using the current experimental design and appropriate time series analyses. Our first question, "how do GEP and WUE e vary among oak and pine-dominated stands growing in the same climate and soil type before disturbance?" can be addressed with the current experimental design. We were cognizant of the differences in photosynthetic capacity among the dominant overstory species when we posed this question (e.g., Renninger et al. 2013 Renninger et al. , 2014a . We also controlled for a number of important factors; stand age as reflected in the mean age of dominant overstory trees was similar among stands, understory vegetation consisted of similar species among stands (although in different proportions), and soil factors and climate were also quite similar among stands.
Our second question seems to be the major issue that Reviewer #2 is concerned about. We asked "How are LAI and canopy N content linked to GEP and WUE e during recovery from insect defoliation and prescribed fire in these stands?" To understand how GEP and WUE e varied with disturbance, we have used multi-year datasets collected at each stand, which included at least one full year of data predisturbance. We used the appropriate statistical test employing time series analyses with adjusted error structures, where appropriate. We were cognizant of the fact that half-hourly data violated the assumption of independence, and developed a program to randomly sub-sample daytime or nighttime NEE data for ANOVA analyses. Daily data was tested using ANOVA analyses with the appropriate error structure to account for the lack of independence among variables. Correlation analyses were between independent and normally distributed values, although sample sizes were low. We feel that the observed patterns of NEE, GEP, Et and WUE e with disturbance were clear, and that the experimental design did not preclude the drawing of interesting conclusions, especially with regard to the linkages between the eddy covariance data and LAI and foliar N content.
While we do acknowledge Reviewer #2's concerns about the experimental design, we would also like to take the opportunity to point out that some benefits exist to the use of multi-year data at the same sites that would be difficult to achieve using other flux sites (assuming that they were in other areas). For example, climate and meteorological variables were nearly identical across stands, including precipitation amounts and timing. Cloudiness and thus integrated incident radiation was also similar among stands. As discussed above, soil factors are nearly identical among stands, down to 1 meter depth. Instrumentation and data processing were also nearly identical, and operated by the same personnel throughout the study at all three sites. Authors' response: We were careful not to report any values in the tables that were reported in the figures, with the exception of Table 6 where we provide annual values for NEE, R eco , GEP and Et. Rather, we reserved tables for general stand descriptions (Table 1) , energy balance statistics (Table 2) , and tests of statistical significance and model parameters (Tables 3-5) . We do report some selected mean values in the text of the Results section that are also presented in the Figures. We do this to emphasize some important points only.
Finally, a conclusion section is strongly recommended, as the discussion is very long and a better summary of this study is needed in a concise manner.
Authors' response: This is a good point and we will include a Conclusions section in the revised manuscript.
Changes in the revised manuscript: We have included a Conclusions section in the revised manuscript to synthesize the research presented. Authors' response: It is true that defoliation does occur due to phenological changes, although this would be better referred to as leaf or needle abscission.
Changes in the revised manuscript: In a number of location in the manuscript, we have included the phrase "gypsy moth" with "defoliation" to highlight the fact that summer defoliation was insect induced.
2) Page 9574, Line 5-9: using PAR and NEE to gap fill needs some references to support. I am not quite convinced about this gap-filling approach.
Authors' response and changes in the revised manuscript: We have added two references to the revised manuscript to support our use of half-hourly PPFD from the continuous meteorological data to gap-fill missing half-hourly NEE data during the daytime. We note that models developed to predict NEE during the daytime from PPFD data were highly significant for all three sites pre-disturbance, and r 2 values ranged from 0.67 to 0.82 for the relationship between NEE and PPFD during the daytime in the summer (from Clark et al. 2010 mixed and pine stands, respectively (Fig. 1a) . LAI during the winter averaged 0.5 ± 0.5, 0.7 ± 0.4 244 and 1.4 ± 0.4 at the oak, mixed and pine stands, respectively (data not shown). Nitrogen mass in 245 foliage during the summer before disturbance was greatest at the oak stand and least at the pine 246 stand (Fig. 1b) . in a total LAI of only 2.3 (Fig. 1a) . Nitrogen mass of canopy and understory foliage following the 250 second leaf out was only ca. 42 % of pre-disturbance levels (Fig. 1b) . but had relatively little effect on pine foliage in the canopy (Fig. 1a) . Nitrogen mass in canopy and pre-disturbance levels, while canopy N mass remained relatively low (Fig. 1b) .
263
At the pine stand, partial defoliation of ericaceous shrubs and understory oaks by gGypsy moth in 264 2007 reduced understory LAI and N mass compared to pre-disturbance periods (Fig. 1a,b) greater at the oak and pine stands than at the mixed stand (Fig. 3 , Table 3 ). Daily GEP and Et
277
were highly correlated during the summer months at each stand before disturbance, and when 278 data from the mixed and pine stands were pooled, the slope of the relationship between Et and 279 GEP was greater at the oak stand than at the mixed and pine stands (Fig. 4, Table 4 ; ANCOVA,
280
F 1,393 = 157, P < 0.001). Pre-disturbance WUE e in the summer also was greater at the oak stand 281 than at the mixed and pine stands (Fig. 3c, Table 3 ). compared to pre-defoliation periods (Fig. 5a , Table 4 ). Similarly, WUE e was significantly lower 289 in 2007 compared to pre-defoliation periods, averaging only 1.6 g C kg H 2 O day -1 (Fig. 3c , Table   290 3 (Fig. 3, Table 3 ).
327
The relationship between annual maximum N mass in foliage and mean daily GEP during the 328 summer months was significant at the oak stand, accounting for 84% of the variability in GEP 329 during the summer (Table 5) . When data for the oak and mixed stands were pooled, maximum 330 N mass in foliage accounted for 79% of the variability in mean daily GEP during the summer. In 331 contrast, only 46% of the variability in mean daily GEP during the summer was accounted for by 332 annual maximum N in foliage at the pine stand ( and mixed stand when data were pooled (Table 5 ).
337
Annual estimates of NEE c , R eco , GEP and Et for the three upland forest stands are shown in 338   Table 6 . Over all years measured, the oak and mixed stands were only weak sinks for CO 2 . Monthly WUE e during the summer averaged ca. 1.2 g C kg H 2 O -1 at the stand that had been 474 burned severely, and 1.7 g C kg H 2 O -1 at the undisturbed stand over the two years measured. Oak vs. mixed and pine stands (shown in Fig. 4 Table 3 . 
